Introduction {#section1-2192568219844227}
============

Low back pain is a ubiquitous condition estimated to affect nearly 85% of patients at some point during their lifetimes and is the leading cause of years lived with disability worldwide.^[@bibr1-2192568219844227],[@bibr2-2192568219844227]^ While the majority of patients with low back pain experience spontaneous resolution of symptoms, between 6% and 11% progress to develop chronic lumbar pain,^[@bibr3-2192568219844227]^ and the overall prevalence of this condition more than doubled in the United States throughout a recent 14-year interval.^[@bibr4-2192568219844227]^ The rise in chronic debilitating low back pain is expected to continue as degenerative spinal disorders including lumbar stenosis and spondylolisthesis increase in conjunction with the aging US population.^[@bibr5-2192568219844227][@bibr6-2192568219844227][@bibr7-2192568219844227]-[@bibr8-2192568219844227]^

Treatment of chronic lumbar pain generally begins with a trial of nonoperative therapies such as nonsteroidal anti-inflammatory drugs (NSAIDs), opioid analgesics, muscle relaxants, lumbar epidural steroid injections (LESIs), physical and/or occupational therapy (PT/OT) treatments, and chiropractor sessions.^[@bibr9-2192568219844227],[@bibr10-2192568219844227]^ While these conservative measures are sufficient for the majority of patients,^[@bibr1-2192568219844227]^ a small proportion fail maximal nonoperative therapy (MNT) and elect to undergo surgical intervention.^[@bibr9-2192568219844227],[@bibr11-2192568219844227],[@bibr12-2192568219844227]^ Symptomatic lumbar stenosis is the most common reason patients older than 65 years undergo spine surgery in the United States,^[@bibr10-2192568219844227],[@bibr13-2192568219844227]^ and the costs and resource utilization associated with prolonged courses of MNT prior to spinal operations have been shown to be considerable.^[@bibr9-2192568219844227],[@bibr14-2192568219844227][@bibr15-2192568219844227][@bibr16-2192568219844227]-[@bibr17-2192568219844227]^ In our current era of bundled payment strategies that continue to shift the responsibility of judicious resource management onto providers, the duration and makeup of conservative trials are being reevaluated.^[@bibr9-2192568219844227],[@bibr12-2192568219844227],[@bibr14-2192568219844227],[@bibr18-2192568219844227]^

Significant geographic variations have been identified in the management of chronic back pain in the United States.^[@bibr18-2192568219844227],[@bibr19-2192568219844227]^ This includes regional differences in the utilization of many treatment modalities traditionally incorporated within conservative therapy trials including LESIs, opioid analgesics, NSAIDs, muscle relaxants, and PT/OT.^[@bibr19-2192568219844227][@bibr20-2192568219844227][@bibr21-2192568219844227][@bibr22-2192568219844227]-[@bibr23-2192568219844227]^ However, a paucity of data exists elucidating geographic differences in MNT in patients who ultimately require lumbar decompression and fusion surgery. As the prevalence of symptomatic lumbar stenosis and spondylolisthesis continues to increase, more robust characterization of the differences in this cohort is required. This becomes particularly relevant as regional differences in healthcare utilization have been identified in policy reform discussions as indicators of inefficiency and targets for quality improvement.^[@bibr24-2192568219844227]^ Therefore, the purpose of this study is to characterize regional variations in the resource utilization and associated costs of MNT in patients suffering from lumbar stenosis or spondylolisthesis.

Methods {#section2-2192568219844227}
=======

Data Source {#section3-2192568219844227}
-----------

Our patient population was obtained from a large third-party database, which consists of more than 20.9 million covered lives and includes private/commercially insured and Medicare Advantage beneficiaries with an orthopedic diagnosis. Patient medical records were retrieved through a remote server supported by PearlDiver (PearlDiver Technologies, Inc, Colorado Springs, CO). Patient records were searchable by International Classification of diseases (ICD) diagnosis and procedure codes, Current Procedural Terminology (CPT) codes, and generic drug codes specific to the Humana system.

Patient Sample {#section4-2192568219844227}
--------------

Adult patients (≥19 years old) with degenerative conditions of the lumbosacral spine that underwent an index lumbar decompression and fusion procedure between 2007 and 2016 were considered for analysis. Specifically, patients undergoing primary 1-, 2-, or 3-level lumbar spinal fusion surgery (ICD-9: 8107, 8108, 8162) were collected. Only patients with a documented diagnosis of lumbar stenosis (ICD-9: 72 402, 72 403), spondylolisthesis (ICD-9: 7213, 72 142), intervertebral disc degeneration (ICD-9: 72 252, 72 210, 72 273, 72 293) or low back pain (ICD-9: 72 420, 72 440, 72 450) prior to index lumbar fusion surgery were considered for analysis. Patients were excluded if they underwent greater than 3-level lumbar fusions (ICD-9: 8163, 8164), an anterior fusion approach (ICD-9: 81.06), or had a history of cervical (ICD-9: 8102, 8103) or thoracic fusion (ICD-9: 8104, 8105). Moreover, patients with a concurrent diagnosis of spinal fracture (ICD-9: 8054, 8055, 8056, 8057, 8058, 8059) or spinal malignancy (ICD-9: 1702, 1706) were excluded. For each of the aforementioned ICD-9 codes, the relevant corresponding ICD-10 codes were incorporated into the patient selection/exclusion criteria ([Appendix A](#app1-2192568219844227){ref-type="app"}). Last, in an effort to determine the total number of patients eligible for spinal fusion, all adult patients (≥19 years old) with an inclusion degenerative spinal diagnosis that did not satisfy exclusion criteria were captured.

Medical Therapies {#section5-2192568219844227}
-----------------

Medical therapy utilization within 2 years prior to the index lumbar fusion surgery was captured. More specifically, nonoperative therapies of interest included NSAIDs, opioid medications, muscle relaxants, LESIs, PT/OT sessions, and chiropractor treatments. Preoperative lumbar spine imaging studies, including x-rays, computed tomography (CT), and magnetic resonance imaging (MRI) were included as nonoperative therapies. Additionally, emergency department (ED) visits for which an inclusion degenerative spinal condition was listed as the primary active problem were documented. Generic drug codes specific to the insurance system were used to capture NSAID, opioid, and muscle relaxant prescriptions prior to surgery ([Appendix B](#app2-2192568219844227){ref-type="app"}). With regard to the use of opioid medications, only the most frequently prescribed opiate formulations, including oxycodone hydrochloride, hydrocodone/acetaminophen, and oxycodone/acetaminophen were queried, which were prescribed in the majority (\>80%) of patients while alternative formulations were used in the minority of patients. Similarly, relevant CPT codes for LESIs, PT/OT sessions, chiropractor visits, and lumbar spine imaging were used to gather the number of treatments billed prior to the index operation ([Appendix B](#app2-2192568219844227){ref-type="app"}).

The magnitude of preoperative medical therapy utilization was characterized by total dollars spent, number of units billed for, and quantity of documented prescriptions. A "unit" consisted of an individual pill, injection, therapy session, imaging series, or independent ED visit. In addition to the absolute totals, the use of each medical therapy was normalized by the number of unique patients using the respective treatment.

Baseline Demographics and Comorbidities {#section6-2192568219844227}
---------------------------------------

Patient demographic information, including age, gender, ethnicity, and geographical region were captured. As a measure for ensuring patient privacy, the HORTHO patient age data is binned into buckets consisting of 5-year intervals. Patient geographic region designation was separated into 4 distinct quadrants (Midwest, Northeast, South, and West), consistent with the United States Census Bureau classification, and was based on the location in which the insurance claim was initiated. Additional preoperative co-morbidities known to affect spinal surgery outcomes such as obesity (body mass index ≥30 kg/m^2^), type 2 diabetes mellitus, atrial fibrillation, myocardial infarction (MI), smoking status, and chronic obstructive pulmonary disease (COPD) were captured using the relevant ICD-9 and ICD-10 diagnostic codes ([Appendix C](#app3-2192568219844227){ref-type="app"}).

Data Analysis {#section7-2192568219844227}
-------------

The primary objective of this study was to characterize regional variations in the resource utilization and associated costs of MNT in patients suffering from lumbar stenosis and spondylolisthesis. All statistical analysis were executed in R (The R Project for Statistical Computing) through the PearlDiver interface. The terms "cost," "payment," and "reimbursement" are used interchangeably to report financial data and represent the actual amount paid by insurers. Comparisons of categorical variables were made using 2-sided χ^2^ tests, with statistical findings defined as *P* values \<.05.

Results {#section8-2192568219844227}
=======

A total of 27 877 patients underwent 1-, 2-, or 3-level posterior lumbar instrumented fusion and met the inclusion criteria ([Table 1](#table1-2192568219844227){ref-type="table"}). Regional breakdown of the study cohort was as follows: South 62.3%, Midwest 25.2%, West 10.4%, Northeast 2.1%. There were 3 423 114 adult patients eligible for lumbar fusion surgery, meaning they had an inclusion spine diagnosis and did not meet exclusion criteria. Consequently, of the eligible lumbar fusion patients with a degenerative spine diagnosis, only 0.8% failed medical management and elected to have an operation. A significant difference in the regional distribution of the patients who failed conservative management was identified (*P* \< .0001), with regional failure rates of 0.89% in the West, 0.87% in the Midwest, 0.78% in the South, and 0.77% in the Northeast.

###### 

Characteristics of Lumbar Stenosis and Spondylolisthesis Population Prior to Primary Lumbar Fusion Surgery.

![](10.1177_2192568219844227-table1)

  Characteristic                  Patients   \%
  ------------------------------- ---------- ------
  Total                           27 877     ---
  Sex                                        
   Male                           11 301     40.5
   Female                         16 576     59.5
  Geographical region breakdown              
   Midwest                        7016       25.2
   Northeast                      583        2.1
   South                          17 365     62.3
   West                           2913       10.4
  Racial breakdown                           
   White                          19 729     70.8
   Black                          1910       6.9
   Asian                          55         0.2
   Hispanic                       226        0.8
   North American Native          57         0.2
   Other                          215        0.8
   Unknown                        5685       20.4
  Preoperative comorbidities                 
   Obesity (BMI \>30 kg/m^2^)     6913       24.8
   Type 2 diabetes mellitus       9791       35.1
   Myocardial infarction          575        2.1
   Atrial fibrillation            2123       7.6
   Smoking                        4894       17.6
   COPD                           2487       8.9
  Medical therapy use                        
   NSAIDs                         11 383     40.8
   Opioids                        19 770     70.9
   Muscle relaxants               12 414     44.5
   LESIs                          14 422     51.7
   PT/OT                          11 156     40.0
   Chiropractor visits            4042       14.5
   Lumbar spine imaging           26 487     95.0
  ED visits                       4005       14.4

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug; LESI, lumbar epidural steroid injections; PT, physical therapy; OT, occupational therapy; ED, emergency department.

Demographically, females (59.5%) and Caucasians (70.8%) comprised the majority of the patient cohort ([Table 1](#table1-2192568219844227){ref-type="table"}). Looking at the age distribution of our population, 22.5% fell within the 65- to 69-year-old grouping, 21.0% in the 70- to 74-year-old bin, 12.9% in the 75- to 79-year-old bin, and 11.1% in the 60- to 64-year-old bin. The prevalence of preoperative comorbidities was as follows: 35.1% had type 2 diabetes mellitus, 24.8% were obese, 17.6% were smokers, 8.9% had COPD, 7.6% had atrial fibrillation, and 2.1% had a prior MI ([Table 1](#table1-2192568219844227){ref-type="table"}). Significant variation in the regional distribution of patients with obesity, type 2 diabetes mellitus, smoking history, and COPD was identified (*P* \< .0001) ([Table 2](#table2-2192568219844227){ref-type="table"}).

###### 

Regional-Specific Comparison of Patient Demographics and Preoperative Conservative Therapy Utilization, n (%).

![](10.1177_2192568219844227-table2)

  Medical Therapy                            Midwest       Northeast    South           West          *P*
  ------------------------------------------ ------------- ------------ --------------- ------------- ---------
  Total patients                             7016          583          17 365          2913          
  Demographics                                                                                        
   Obesity (BMI \>30 kg/m^2^)                1623 (23.1)   138 (23.7)   4573 (26.3)     579 (19.9)    \<.0001
   Type 2 diabetes mellitus                  2294 (32.7)   241 (41.3)   6399 (36.8)     857 (29.4)    \<.0001
   Myocardial infarction                     158 (2.3)     21 (3.6)     339 (2.0)       57 (2.0)      .0256
   Atrial fibrillation                       567 (8.1)     41 (7.0)     1299 (7.5)      216 (7.4)     .3820
   Smoking                                   1202 (17.1)   112 (19.2)   3160 (18.2)     420 (14.4)    \<.0001
   COPD                                      564 (8.0)     54 (9.3)     1673 (9.6)      196 (6.7)     \<.0001
  Preoperative medical therapy utilization                                                            
   NSAIDs                                    2446 (34.9)   191 (32.8)   7557 (43.5)     1190 (40.9)   \<.0001
   Opioids                                   4426 (63.1)   385 (66.0)   12 745 (73.4)   2217 (76.1)   \<.0001
   Muscle relaxants                          2537 (36.2)   192 (32.9)   8408 (48.4)     1278 (43.9)   \<.0001
   LESIs                                     3829 (54.6)   301 (51.6)   8784 (50.6)     1508 (51.8)   \<.0001
   PT/OT                                     3159 (45.0)   239 (41.0)   6549 (37.7)     1210 (41.5)   \<.0001
  Chiropractor treatments                    1466 (20.9)   112 (19.2)   2004 (11.5)     460 (15.8)    \<.0001
  Lumbar spine imaging                       6693 (95.4)   553 (94.9)   16 493 (95.0)   2757 (94.6)   .3858
   ED visits                                 998 (14.2)    105 (18.0)   2522 (14.5)     380 (13.0)    .0123

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; NSAID, nonsteroidal anti-inflammatory drug; LESI, lumbar epidural steroid injections; PT, physical therapy; OT, occupational therapy; ED, emergency department.

Maximal Nonoperative Therapy Utilization {#section9-2192568219844227}
----------------------------------------

When considering the lumbar fusion cohort in its entirety, lumbar spine imaging (95.0%) opioid medications (70.9%), LESIs (51.7%), and muscle relaxants (44.5%) were the most frequently used nonoperative therapies ([Table 1](#table1-2192568219844227){ref-type="table"}). Regional variations in the number of patients using NSAIDs (*P* \< .0001), opioids (*P* \< .0001), muscle relaxants (*P* \< .0001), LESIs (*P* \< .0001), PT/OT treatments (*P* \< 0.0001), chiropractor visits (*P* \< .0001), and ED visits (*P* = .0123) were identified ([Table 2](#table2-2192568219844227){ref-type="table"}). The West (76.1%) and South (73.4%) regions had the greatest percentage of patients using opioid medications ([Table 2](#table2-2192568219844227){ref-type="table"}).

The total cost associated with all nonoperative therapies prior to index fusion surgery was \$48 411 125 (\$1736.60 per patient), with the Midwest (\$1943.83 per patient) responsible for the greatest average spending per patient. Despite comprising 62.3% of the cohort, the South was accountable for 71.9% of muscle relaxant spending, 67.1% of prescription NSAID spending, and 64.9% of opioid spending ([Table 3](#table3-2192568219844227){ref-type="table"}). When normalized by number of opioid users in the region, the Northeast spent \$271.04 per patient on opioid medications compared to the average cohort spending of \$187.28 per opioid user ([Table 3](#table3-2192568219844227){ref-type="table"}).

###### 

Total Dollars (\$USD) Spent and Normalized Cost (\$USD/Patient Using Respective Therapy) of Maximal Nonoperative Medical Therapies Prior to Index Lumbar Spinal Fusion Surgery, n (%) (These Values Reflect Payments to Providers).

![](10.1177_2192568219844227-table3)

  Medical Therapy                                                   Fusion Cohort   Midwest             Northeast       South               West
  ----------------------------------------------------------------- --------------- ------------------- --------------- ------------------- -----------------
  Total dollars (\$USD) spent on MNT                                                                                                        
   NSAIDs                                                           3 058 335       651 545 (21.3)      37 766 (1.2)    2 052 185 (67.1)    316 839 (10.4)
   Opioids                                                          3 702 463       755 127 (20.4)      104 349 (2.8)   2 404 011 (64.9)    438 976 (11.9)
   Muscle relaxants                                                 1 079 743       188 594 (17.5)      15 412 (1.4)    776 258 (71.9)      99 479 (9.2)
   LESIs                                                            15 296 941      4 497 847 (29.4)    248 784 (1.6)   9 080 902 (59.4)    1 469 408 (9.6)
   PT/OT                                                            1 145 264       366 023 (32.0)      22 398 (2.0)    636 748 (55.6)      120 095 (10.5)
   Chiropractor treatments                                          1 229 868       543 412 (44.2)      29 175 (2.4)    548 192 (44.6)      109 089 (8.9)
   Lumbar spine imaging                                             20 169 805      5 925 515 (29.4)    334 495 (1.7)   12 089 686 (59.9)   1 820 109 (9.0)
   ED visits                                                        2 728 706       709 878 (26.0)      52 981 (1.9)    1 713 126 (62.8)    252 721 (9.3)
  Total costs                                                       48 411 125      13 637 941 (28.2)   845 360 (1.7)   29 301 108 (60.5)   4 626 716 (9.6)
  Normalized cost of MNT (\$USD/patient using respective therapy)                                                                           
   NSAIDs                                                           268.68          266.37              197.73          271.56              266.25
   Opioids                                                          187.28          170.61              271.04          188.62              198.00
   Muscle relaxants                                                 86.98           74.34               80.27           92.32               77.84
   LESIs                                                            1060.67         1174.68             826.52          1033.80             974.41
   PT/OT                                                            102.66          115.87              93.72           97.23               99.25
   Chiropractor treatments                                          304.27          370.68              260.49          273.55              237.15
   Lumbar spine imaging                                             761.50          885.33              604.87          733.02              660.18
  ED visits                                                         681.32          711.30              504.58          679.27              665.06

Abbreviations: MNT, maximal nonoperative therapy; NSAID, nonsteroidal anti-inflammatory drug; LESI, lumbar epidural steroid injections; PT, physical therapy; OT, occupational therapy; ED, emergency department.

Looking at the number of prescriptions written for conservative therapies, the South was responsible for a disproportionate amount of the prescriptions for muscle relaxants (71.2%), NSAIDs (67.5%), and opioids (64.6%) within the 2 years prior to lumbar fusion ([Table 4](#table4-2192568219844227){ref-type="table"}). Alternatively, while the Midwest comprised 25.2% of the spinal fusion cohort, these patients were associated with 41.7% of prescriptions for chiropractor therapy treatments, 27.8% of prescriptions for PT/OT sessions, and 27.2% of the lumbar spine imaging prescriptions ([Table 4](#table4-2192568219844227){ref-type="table"}).

###### 

Total Number of Prescriptions and Normalized Prescription Counts (Prescriptions/Patient Using Respective Therapy) Written Prior to Index Lumbar Fusion Surgery, n (%).^a^

![](10.1177_2192568219844227-table4)

  Medical Therapy                                                                  Fusion Cohort   Midwest          Northeast      South            West
  -------------------------------------------------------------------------------- --------------- ---------------- -------------- ---------------- ---------------
  Total prescription count                                                                                                                          
   NSAIDs                                                                          46 735          9674 (20.7)      728 (1.6)      31 528 (67.5)    4805 (10.3)
   Opioids                                                                         139 207         30 971 (22.2)    3128 (2.2)     89 926 (64.6)    15 182 (10.9)
   Muscle relaxants                                                                58 938          10 415 (17.7)    933 (1.6)      41 962 (71.2)    5628 (9.5)
   LESIs                                                                           68 324          17 318 (25.3)    1409 (2.1)     42 445 (62.1)    7152 (10.5)
   PT/OT                                                                           19 510          5417 (27.8)      442 (2.3)      11 415 (58.5)    2236 (11.5)
   Chiropractor treatments                                                         47 735          19 892 (41.7)    1169 (2.4)     22 061 (46.2)    4613 (9.7)
   Lumbar spine imaging                                                            118 999         32 373 (27.2)    2435 (2.0)     73 241 (61.5)    10 950 (9.2)
   ED visits                                                                       6814            1693 (24.8)      196 (2.9)      4288 (62.9)      637 (9.3)
   Total prescriptions                                                             506 262         127 753 (25.2)   10 440 (2.1)   316 866 (62.6)   51 203 (10.1)
  Normalized prescription count (prescriptions/patient using respective therapy)                                                                    
   NSAIDs                                                                          4.1             4.0              3.8            4.2              4.0
   Opioids                                                                         7.0             7.0              8.1            7.1              6.8
   Muscle relaxants                                                                4.7             4.1              4.9            5.0              4.4
   LESIs                                                                           4.7             4.5              4.7            4.8              4.7
   PT/OT                                                                           1.7             1.7              1.8            1.7              1.8
   Chiropractor treatments                                                         11.8            13.6             10.4           11.0             10.0
   Lumbar spine imaging                                                            4.5             4.8              4.4            4.4              4.0
   ED visits                                                                       1.7             1.7              1.9            1.7              1.7

Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; LESI, lumbar epidural steroid injections; PT, physical therapy; OT, occupational therapy; ED, emergency department.

^a^ ED prescriptions count is analogous to the quantity of ED visits.

Similar trends are noted in the regional distribution of unit counts billed for, with patients from the South billing for greater quantities of muscle relaxants, NSAIDs, and opioids while the Midwest billed for more PT/OT treatments, chiropractor sessions, and diagnostic spinal imaging ([Table 5](#table5-2192568219844227){ref-type="table"}). When normalized by the number of opioid-using patients, the Northeast billed for an average of 704.4 opioid pills per patient, which is greater than the normalized average for the entire cohort (552.1 opioid pills per patient) ([Table 5](#table5-2192568219844227){ref-type="table"}). Moreover, when normalized by patients using the respective therapy, the total population billed for 4.6 LESIs per patient and 1.7 ED visits per patient ([Table 5](#table5-2192568219844227){ref-type="table"}).

###### 

Total Medical Therapy Units Billed and Normalized Therapy Units Billed (Units/Patient Using Respective Therapy) Prior to Index Lumbar Spinal Fusion Surgery, n (%).
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  Medical Therapy                                                            Fusion Cohort   Midwest            Northeast       South               West
  -------------------------------------------------------------------------- --------------- ------------------ --------------- ------------------- ------------------
  Total therapy units billed                                                                                                                        
   NSAIDs                                                                    3 760 038       817 024 (21.7)     61 961 (1.6)    2 475 139 (65.8)    405 914 (10.8)
   Opioids                                                                   10 914 851      2 452 231 (22.5)   271 203 (2.5)   6 961 547 (63.8)    1 229 870 (11.3)
   Muscle relaxants                                                          4 462 055       793 534 (17.8)     74 759 (1.7)    3 161 024 (70.8)    432 738 (9.7)
   LESIs                                                                     66 419          16 663 (25.1)      1379 (2.1)      41 424 (62.4)       6953 (10.5)
   PT/OT                                                                     18 814          5159 (27.4)        423 (2.2)       11 102 (59.0)       2130 (11.3)
   Chiropractor treatments                                                   45 471          18 743 (41.2)      1164 (2.6)      21 093 (46.4)       4471 (9.8)
   Lumbar spine imaging                                                      114 792         31 120 (27.1)      2379 (2.1)      70 662 (61.6)       10 631 (9.3)
   ED visits                                                                 6814            1693 (24.8)        196 (2.9)       4288 (62.9)         637 (9.3)
   Total units                                                               19 389 254      4 136 167 (21.3)   413 464 (2.1)   12 746 279 (65.7)   2 093 344 (10.8)
  Normalized therapy units billed (units/patient using respective therapy)                                                                          
   NSAIDs                                                                    330.3           334.0              324.4           327.5               341.1
   Opioids                                                                   552.1           554.1              704.4           546.2               554.7
   Muscle relaxants                                                          359.4           312.8              389.4           376.0               338.6
   LESIs                                                                     4.6             4.4                4.6             4.7                 4.6
   PT/OT                                                                     1.7             1.6                1.8             1.7                 1.8
   Chiropractor treatments                                                   11.2            12.8               10.4            10.5                9.7
   Lumbar spine imaging                                                      4.3             4.6                4.3             4.3                 3.9
  ED visits                                                                  1.7             1.7                1.9             1.7                 1.7

Abbreviations: NSAID, nonsteroidal anti-inflammatory drug; LESI, lumbar epidural steroid injections; PT, physical therapy; OT, occupational therapy; ED, emergency department.

Discussion {#section10-2192568219844227}
==========

In this retrospective study of 27 877 patients who underwent 1-, 2-, or 3-level lumbar decompression and fusion surgery for symptomatic lumbar stenosis or spondylolisthesis, we found significant regional differences in the number of patients using opioids (*P* \< .0001), NSAIDs (*P* \< .0001), muscle relaxants (*P* \< .0001), LESIs (*P* \< .0001), PT/OT treatments (*P* \< .0001), chiropractor visits (*P* \< .0001), and ED services (*P* = .0123) during the preoperative period. Significant regional variations were additionally found in conservative therapy failure rates (*P* \< .0001), with the West (0.89%) and Midwest (0.87%) having the highest rates of failure. Cost analysis of total MNT utilization revealed that 34.1% more was billed for per patient in the highest spending region (Midwest: \$1943.83/patient) than in the lowest spending region (Northeast: \$1450.02/patient).

Regional trends that may reflect provider preferences also emerged, with providers from the Southern region disproportionately emphasizing oral medications, including prescription NSAIDs, opioids, and muscle relaxants. Alternatively, Midwest providers relied disproportionately on PT/OT treatments, chiropractor sessions, and lumbar spine imaging. The observation that the Midwest had the highest spending per patient of any region on conservative therapy may reflect these differences in MNT selection.

Our findings are consistent with previous studies demonstrating geographic variations in the utilization of nonoperative therapies for the management of back pain. In a study of 23 839 respondents within the Medical Expenditure Panel Survey (MEPS) on the prescription of NSAIDs and muscle relaxants for treatment of back pain, Luo et al^[@bibr20-2192568219844227]^ found that patients from the South were significantly more likely to be prescribed COX-2 inhibitors and muscle relaxants than patients from the West. A separate analysis of MEPS data by Luo et al^[@bibr21-2192568219844227]^ similarly found that opioid use for back pain was significantly higher in patients from the South than any other region in 3 of the 4 years analyzed. Numerous supplementary studies have similarly demonstrated significantly increased rates of opioid utilization in the South versus other geographic regions.^[@bibr19-2192568219844227],[@bibr23-2192568219844227],[@bibr25-2192568219844227],[@bibr26-2192568219844227]^

The use of LESIs for low back pain has also been previously demonstrated to exhibit significant regional variations, with a study by Friedly et al^[@bibr22-2192568219844227]^ finding a 7.7-fold difference in lumbar injection utilization between US states. Furthermore, in a study encompassing a broad array commonly prescribed therapies for low back pain within a large private insurance database, Salt et al^[@bibr19-2192568219844227]^ demonstrated significant geographic differences across many nonoperative modalities. Specifically, medications, including NSAIDs, opiates, muscle relaxants, steroids, benzodiazepines, anticonvulsants, and hypnotics were used with considerable regional variation and with consistency, greater proportions of patients from the South used these therapies. Interestingly, while non-medication treatments such as physical therapy, occupational therapy, and exercise therapy also demonstrated significant regional differences, these were employed least in the South compared to all other regions.^[@bibr19-2192568219844227]^ The results from these aforementioned studies are consistent with our findings that significant regional variations exist in MNT utilization in patients with lumbar stenosis or spondylolisthesis who eventually undergo lumbar decompression and fusion surgery. Moreover, as seen in previous reports, patients receiving treatment in the south received disproportionate quantities of oral medications.

The reasons for the observed regional differences in MNT are likely multifaceted, however provider level factors may play a substantial role as patient characteristics are alone inadequate to explain the discrepancies. In a study of the geographic variation of opioid prescribing in the United States, McDonald et al^[@bibr25-2192568219844227]^ observed significant disparities in prescription rates that were unrelated to regional variations in the prevalence of injuries, surgeries, or medical conditions requiring analgesic use. Moreover, in a study focusing on geographic disparities in medication spending in 533 170 Medicare beneficiaries, Zhang et al^[@bibr24-2192568219844227]^ found a 60% difference in spending between regions after isolating variations unrelated to drug market prices, patient health, or population characteristics. Similarly, our study found geographic variations in utilization and spending on MNTs in patients suffering from lumbar stenosis or spondylolisthesis, with our analysis restricted to patients who underwent short-segment fusions and were covered primarily by employer-based insurance plans. This presumably controlled for the potential confounding effects of the extent of spinal disease or patient socioeconomic status.

Rather than patient level factors, geographic variations in MNT prior to spine surgery may stem in large part from the lack of consensus among providers surrounding the most efficacious nonoperative therapies or the optimal duration of conservative trial periods. In a study of 445 US spine surgeons given surveys designed to assess their treatment patterns of low back pain, Lubelski et al^[@bibr27-2192568219844227]^ found roughly 75% disagreement between providers on their treatment approach. This disagreement was most pronounced in the Southwest and weakest in the Midwest. Similarly, in an analysis limited to spondylolisthesis management, significant regional differences were found in treatment options selected by the practitioners.^[@bibr28-2192568219844227]^ These studies illustrate that when clinical guidelines are lacking, individual providers may base their therapeutic approach on factors that reflect the institution where they completed their training or other personal considerations that may contribute to regional differences in clinical practice. As value-based health care strategies continue to prioritize the cost-effectiveness of treatments, the finding that substantial regional differences exist in the utilization and costs of MNT in patients with symptomatic lumbar stenosis or spondylolisthesis is significant and has the potential to help direct future management guidelines.

Limitations {#section11-2192568219844227}
-----------

The results and clinical implications of this study should be interpreted within the context of its limitations. The database is composed solely of private insured patients or Medicare Advantage beneficiaries. Consequently, Medicaid patients were precluded from the current investigation. Medicaid patients have been shown to use considerably more opioid medications and ED resources than patients with alternative insurance types,^[@bibr11-2192568219844227]^ which indicates that our study likely underestimates MNT costs in the general population. Similarly, a disproportionate geographical distribution of Medicaid patients may influence the observed trends in cost and utilization of MNT.

Our study makes the assumption that all preoperative medical therapies are rendered through the insurance provider; however, we know this not to be entirely true. Many patients use over-the-counter NSAIDs or private diagnostic imaging services, which are not captured in our analysis. Additionally, the insurance database lacks diagnostic and therapeutic context that may potentially affect the outcomes of this analysis. Finally, when constructing the inclusion criteria, both ICD-9 and ICD-10 procedural codes were used. By nature, the ICD-9 procedural coding system is far broader than ICD-10 and encompasses procedural codes that are irrelevant to the intended study design (e.g. sacroiliac joint fixation). Despite best efforts to remove these procedure codes, the authors estimate a residual \<1% of the sample size is included in the study population. Despite these limitations, the current study demonstrated that within the 2-year preoperative window, significant regional variations in the utilization and associated costs of MNT exist.

Conclusions {#section12-2192568219844227}
===========

The results from this study suggest that regional differences exist in the costs and utilization of MNT in patients with lumbar stenosis and spondylolisthesis prior to surgery. Future studies should be directed toward identifying patients more likely to fail prolonged nonoperative management.
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###### 

International Classification of Diseases (ICD)-9 and ICD-10 Diagnosis Codes for Inclusion and Exclusion Criteria.
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  Inclusion/Exclusion Criteria                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           ICD-9/ ICD-10 Codes
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Inclusion diagnosis codes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              **ICD-9-D**: ICD-9-D-7213, ICD-9-D-72 142, ICD-9-D-72 210, ICD-9-D-72 252, ICD-9-D-72 273, ICD-9-D-72 293, ICD-9-D-72 402, ICD-9-D-72 403, ICD-9-D-7242, ICD-9-D-7243, ICD-9-D-7244, ICD-9-D-7245
  **ICD-10-D**: ICD-10-D-M47817, ICD-10-D-M4716, ICD-10-D-M5126, ICD-10-D-M5127, ICD-10-D-M5136, ICD-10-D-M5137, ICD-10-D-M5106, ICD-10-D-M4647, ICD-10-D-M5186, ICD-10-D-M5187, ICD-10-D-M4806, ICD-10-D-M4806, ICD-10-D-M545, ICD-10-D-M5430, ICD-10-D-M5414, ICD-10-D-M5415, ICD-10-D-M5416, ICD-10-D-M5417, ICD-10-D-M5489, ICD-10-D-M549                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  Inclusion procedure codes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              **ICD-9-P:** ICD-9-P-8107, ICD-9-P-8108, ICD-9-P-8162
  **ICD-10-P:** ICD-9-P-8107, ICD-10-P-0SG0071, ICD-10-P-0SG00J1, ICD-10-P-0SG00K1, ICD-10-P-0SG00Z1, ICD-10-P-0SG0371, ICD-10-P-0SG03J1, ICD-10-P-0SG03K1, ICD-10-P-0SG03Z1, ICD-10-P-0SG0471, ICD-10-P-0SG04K1, ICD-10-P-0SG04Z1, ICD-10-P-0SG3071, ICD-10-P-0SG30J1, ICD-10-P-0SG30K1, ICD-10-P-0SG30Z1, ICD-10-P-0SG3371, ICD-10-P-0SG33J1, ICD-10-P-0SG33K1, ICD-10-P-0SG33Z1, ICD-10-P-0SG3471, ICD-10-P-0SG34K1, ICD-10-P-0SG34Z1, ICD-9-P-8108, ICD-10-P-0SG007J, ICD-10-P-0SG00JJ, ICD-10-P-0SG00KJ, ICD-10-P-0SG00ZJ, ICD-10-P-0SG03JJ, ICD-10-P-0SG03KJ, ICD-10-P-0SG047J, ICD-10-P-0SG307J, ICD-10-P-0SG30JJ, ICD-10-P-0SG30KJ, ICD-10-P-0SG30ZJ, ICD-10-P-0SG337J, ICD-10-P-0SG347J                                                                                                                                                                                                                                                                                         
  Exclusion diagnosis codes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              **ICD-9-D:** ICD-9-D-8055, ICD-9-D-8056, ICD-9-D-8057, ICD-9-D-8058, ICD-9-D-8059, ICD-9-D-1702, ICD-9-D-1706
  **ICD-10-D:** ICD-10-D-S32009B, ICD-10-D-S3210XA, ICD-10-D-S322XXA, ICD-10-D-S3210XB, ICD-10-D-S322XXB, ICD-10-D-S129XXA, ICD-10-D-S22009A, ICD-10-D-S32009A, ICD-10-D-S3210XA, ICD-10-D-S322XXA, ICD-10-D-S129XXA, ICD-10-D-S22009B, ICD-10-D-S32009B, ICD-10-D-S3210XB, ICD-10-D-S322XXB, ICD-10-D-C412, ICD-10-D-C414                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Exclusion procedure codes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              **ICD-9-P:** ICD-9-P-8163, ICD-9-P-8164, ICD-9-P-8106, ICD-9-P-8102, ICD-9-P-8103, ICD-9-P-8104, ICD-9-P-8105, ICD-9-P-8054
  **ICD-10-P:** ICD-10-P-0SG0070, ICD-10-P-0SG00J0, ICD-10-P-0SG00K0, ICD-10-P-0SG00Z0, ICD-10-P-0SG0370, ICD-10-P-0SG03Z0, ICD-10-P-0SG3070, ICD-10-P-0SG30J0, ICD-10-P-0SG30K0, ICD-10-P-0SG30Z0, ICD-10-P-0SG33J0, ICD-10-P-0RG1070, ICD-10-P-0RG10J0, ICD-10-P-0RG10K0, ICD-10-P-0RG10Z0, ICD-10-P-0RG13K0, ICD-10-P-0RG13Z0, ICD-10-P-0RG4070, ICD-10-P-0RG40J0, ICD-10-P-0RG40K0, ICD-10-P-0RG40Z0, ICD-10-P-0RG1071, ICD-10-P-0RG10J1, ICD-10-P-0RG10K1, ICD-10-P-0RG10Z1, ICD-10-P-0RG1371, ICD-10-P-0RG4071, ICD-10-P-0RG40J1, ICD-10-P-0RG40K1, ICD-10-P-0RG40Z1, ICD-10-P-0RG6070, ICD-10-P-0RG60Z0, ICD-10-P-0RGA070, ICD-10-P-0RGA0K0, ICD-10-P-0RG6071, ICD-10-P-0RG60J1, ICD-10-P-0RG60K1, ICD-10-P-0RG60Z1, ICD-10-P-0RG63K1, ICD-10-P-0RG64Z1, ICD-10-P-0RGA071, ICD-10-P-0RGA0J1, ICD-10-P-0RGA0K1, ICD-10-P-0RGA0Z1, ICD-10-P-0RGA371, ICD-10-P-0RGA3K1, ICD-10-P-0RGA3Z1, ICD-10-P-0RGA471, ICD-10-P-0RGA4Z1, ICD-10-P-0RQ30ZZ, ICD-10-P-0SQ20ZZ, ICD-10-P-0SQ40ZZ   

###### 

Humana Generic Drug Codes and Current Procedural Terminology (CPT) Codes for Preoperative Medical Therapies of Interest.

![](10.1177_2192568219844227-table7)

  Inclusion Medications                   Humana Generic Drug and CPT Codes
  --------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Opioids                                 **GENERIC_DRUG**: GENERIC_DRUG-100 055, GENERIC_DRUG-101 802, GENERIC_DRUG-106 030, GENERIC_DRUG-106 414, GENERIC_DRUG-100 504, GENERIC_DRUG-101 215, GENERIC_DRUG-100 548, GENERIC_DRUG-101 126
  Nonsteroidal anti-inflammatory drugs    **GENERIC_DRUG**: GENERIC_DRUG-100 494, GENERIC_DRUG-100 050, GENERIC_DRUG-100 195, GENERIC_DRUG-100 435, GENERIC_DRUG-100 882, GENERIC_DRUG-108 744, GENERIC_DRUG-100 109, GENERIC_DRUG-100 453, GENERIC_DRUG-100 558, GENERIC_DRUG-100 034, GENERIC_DRUG-100 893, GENERIC_DRUG-101 005, GENERIC_DRUG-108 896, GENERIC_DRUG-104 073, GENERIC_DRUG-100 440, GENERIC_DRUG-101 093, GENERIC_DRUG-100 707, GENERIC_DRUG-104 484, GENERIC_DRUG-101 721, GENERIC_DRUG-100 293, GENERIC_DRUG-100 764, GENERIC_DRUG-100 928, GENERIC_DRUG-105 205
  Muscle relaxants                        **GENERIC_DRUG**: GENERIC_DRUG-100 716, GENERIC_DRUG-100 541, GENERIC_DRUG-100 347, GENERIC_DRUG-102 033, GENERIC_DRUG-100 028, GENERIC_DRUG-101 474, GENERIC_DRUG-100 183, GENERIC_DRUG-110 360, GENERIC_DRUG-100 892, GENERIC_DRUG-100 944, GENERIC_DRUG-100 785, GENERIC_DRUG-100 417
  Lumbar epidural steroid injections      **CPT:** CPT-62 311, CPT-62 319, CPT-64 483, CPT-64 484
  Physical therapy/Occupational therapy   **CPT:** CPT-4018F, CPT-97 003, CPT-97 004, CPT-G0129, CPT-G8990, CPT-G8991, CPT-G8992, CPT-G8993, CPT-G8994, CPT-G8995, CPT-S9129, CPT-97 001, CPT-97 002, CPT-S8990, CPT-S9131
  Chiropractor                            **CPT:** CPT-98 940, CPT-98 941, CPT-98 942
  Lumbar spine imaging                    **CPT:** CPT-72 148, CPT-72 149, CPT-72 158, CPT-72 131, CPT-72 132, CPT-72 133, CPT-72 069, CPT-72 080, CPT-72 100, CPT-72 110, CPT-72 114, CPT-72 120, CPT-72 265, CPT-72 270, CPT-72 295

###### 

International Classification of Diseases (ICD)-9 and ICD-10 Diagnosis Codes for Baseline Comorbidities
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  Comorbidity                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            ICD-9 and ICD-10 Diagnosis Codes
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Obesity (BMI ≥30 kg/m^2^)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              **ICD-9-D:** ICD-9-D-V8530, ICD-9-D-V8531, ICD-9-D-V8532, ICD-9-D-V8533, ICD-9-D-V8534, ICD-9-D-V8535, ICD-9-D-V8536, ICD-9-D-V8537, ICD-9-D-V8538, ICD-9-D-V8539, ICD-9-D-V8541, ICD-9-D-V8542, ICD-9-D-V8543, ICD-9-D-V8544, ICD-9-D-V8545, ICD-9-D-27 800, ICD-9-D-27 801
  **ICD-10-D:** ICD-10-D-Z6830, ICD-10-D-Z6831, ICD-10-D-Z6832, ICD-10-D-Z6833, ICD-10-D-Z6834, ICD-10-D-Z6835, ICD-10-D-Z6836, ICD-10-D-Z6837, ICD-10-D-Z6838, ICD-10-D-Z6839, ICD-10-D-Z6841, ICD-10-D-Z6842, ICD-10-D-Z6843, ICD-10-D-Z6844, ICD-10-D-Z6845, ICD-10-D-E6601, ICD-10-D-E6609, ICD-10-D-E668, ICD-10-D-E669                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
  Type 2 diabetes mellitus                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               **ICD-9-D**: ICD-9-D-24 900, ICD-9-D-24 901, ICD-9-D-24 910, ICD-9-D-24 911, ICD-9-D-24 920, ICD-9-D-24 921, ICD-9-D-24 930, ICD-9-D-24 931, ICD-9-D-24 940, ICD-9-D-24 941, ICD-9-D-24 950, ICD-9-D-24 951, ICD-9-D-24 960, ICD-9-D-24 961, ICD-9-D-24 970, ICD-9-D-24 971, ICD-9-D-24 980, ICD-9-D-24 981, ICD-9-D-24 990, ICD-9-D-24 991, ICD-9-D-25 000, ICD-9-D-25 001, ICD-9-D-25 002, ICD-9-D-25 003, ICD-9-D-25 010, ICD-9-D-25 011, ICD-9-D-25 012, ICD-9-D-25 013, ICD-9-D-25 020, ICD-9-D-25 021, ICD-9-D-25 022, ICD-9-D-25 023, ICD-9-D-25 030, ICD-9-D-25 031, ICD-9-D-25 032, ICD-9-D-25 033, ICD-9-D-25 040, ICD-9-D-25 041, ICD-9-D-25 042, ICD-9-D-25 043, ICD-9-D-25 050, ICD-9-D-25 051, ICD-9-D-25 052, ICD-9-D-25 053, ICD-9-D-25 060, ICD-9-D-25 061, ICD-9-D-25 062, ICD-9-D-25 063, ICD-9-D-25 070, ICD-9-D-25 071, ICD-9-D-25 072, ICD-9-D-25 073, ICD-9-D-25 080, ICD-9-D-25 081, ICD-9-D-25 082, ICD-9-D-25 083, ICD-9-D-25 090, ICD-9-D-25 091, ICD-9-D-25 092, ICD-9-D-25 093, ICD-9-D-3572
  **ICD-10-D:** ICD-10-D-E0800, ICD-10-D-E0801, ICD-10-D-E0810, ICD-10-D-E0811, ICD-10-D-E0821, ICD-10-D-E0822, ICD-10-D-E0829, ICD-10-D-E08311, ICD-10-D-E08319, ICD-10-D-E08321, ICD-10-D-E08329, ICD-10-D-E08331, ICD-10-D-E08339, ICD-10-D-E08341, ICD-10-D-E08349, ICD-10-D-E08351, ICD-10-D-E08359, ICD-10-D-E0836, ICD-10-D-E0839, ICD-10-D-E0840, ICD-10-D-E0841, ICD-10-D-E0842, ICD-10-D-E0843, ICD-10-D-E0844, ICD-10-D-E0849, ICD-10-D-E0851, ICD-10-D-E0852, ICD-10-D-E0859, ICD-10-D-E08610, ICD-10-D-E08618, ICD-10-D-E08620, ICD-10-D-E08621, ICD-10-D-E08622, ICD-10-D-E08628, ICD-10-D-E08630, ICD-10-D-E08638, ICD-10-D-E08641, ICD-10-D-E08649, ICD-10-D-E0865, ICD-10-D-E0869, ICD-10-D-E088, ICD-10-D-E089, ICD-10-D-E1010, ICD-10-D-E1011, ICD-10-D-E1021, ICD-10-D-E1022, ICD-10-D-E1029, ICD-10-D-E10311, ICD-10-D-E10319, ICD-10-D-E10321, ICD-10-D-E10329, ICD-10-D-E10331, ICD-10-D-E10339, ICD-10-D-E10341, ICD-10-D-E10349, ICD-10-D-E10351, ICD-10-D-E10359, ICD-10-D-E1036, ICD-10-D-E1039, ICD-10-D-E1040, ICD-10-D-E1041, ICD-10-D-E1042, ICD-10-D-E1043, ICD-10-D-E1044, ICD-10-D-E1049, ICD-10-D-E1051, ICD-10-D-E1052, ICD-10-D-E1059, ICD-10-D-E10610, ICD-10-D-E10618, ICD-10-D-E10620, ICD-10-D-E10621, ICD-10-D-E10622, ICD-10-D-E10628, ICD-10-D-E10630, ICD-10-D-E10638, ICD-10-D-E10641, ICD-10-D-E10649, ICD-10-D-E1065, ICD-10-D-E1069, ICD-10-D-E108, ICD-10-D-E109, ICD-10-D-E1100, ICD-10-D-E1101, ICD-10-D-E1121, ICD-10-D-E1122, ICD-10-D-E1129, ICD-10-D-E11311, ICD-10-D-E11319, ICD-10-D-E11321, ICD-10-D-E11329, ICD-10-D-E11331, ICD-10-D-E11339, ICD-10-D-E11341, ICD-10-D-E11349, ICD-10-D-E11351, ICD-10-D-E11359, ICD-10-D-E1136, ICD-10-D-E1139, ICD-10-D-E1140, ICD-10-D-E1141, ICD-10-D-E1142, ICD-10-D-E1143, ICD-10-D-E1144, ICD-10-D-E1149, ICD-10-D-E1151, ICD-10-D-E1152, ICD-10-D-E1159, ICD-10-D-E11610, ICD-10-D-E11618, ICD-10-D-E11620, ICD-10-D-E11621, ICD-10-D-E11622, ICD-10-D-E11628, ICD-10-D-E11630, ICD-10-D-E11638, ICD-10-D-E11641, ICD-10-D-E11649, ICD-10-D-E1165, ICD-10-D-E1169, ICD-10-D-E118, ICD-10-D-E119, ICD-10-D-E1300, ICD-10-D-E1301, ICD-10-D-E1310, ICD-10-D-E1311, ICD-10-D-E1321, ICD-10-D-E1322, ICD-10-D-E1329, ICD-10-D-E13311, ICD-10-D-E13319, ICD-10-D-E13321, ICD-10-D-E13329, ICD-10-D-E13331, ICD-10-D-E13339, ICD-10-D-E13341, ICD-10-D-E13349, ICD-10-D-E13351, ICD-10-D-E13359, ICD-10-D-E1336, ICD-10-D-E1339, ICD-10-D-E1340, ICD-10-D-E1341, ICD-10-D-E1342, ICD-10-D-E1343, ICD-10-D-E1344, ICD-10-D-E1349, ICD-10-D-E1351, ICD-10-D-E1352, ICD-10-D-E1359, ICD-10-D-E13610, ICD-10-D-E13618, ICD-10-D-E13620, ICD-10-D-E13621, ICD-10-D-E13622, ICD-10-D-E13628, ICD-10-D-E13630, ICD-10-D-E13638, ICD-10-D-E13641, ICD-10-D-E13649, ICD-10-D-E1365, ICD-10-D E1369, ICD-10-D-E138, ICD-10-D-E139   
  Myocardial infarction                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  **ICD-9-D**: ICD-9-D-41 000, ICD-9-D-41 001, ICD-9-D-41 002, ICD-9-D-41 010, ICD-9-D-41 011, ICD-9-D-41 012, ICD-9-D-41 020, ICD-9-D-41 021, ICD-9-D-41 022, ICD-9-D-41 030, ICD-9-D-41 031, ICD-9-D-41 032, ICD-9-D-41 040, ICD-9-D-41 041, ICD-9-D-41 042, ICD-9-D-41 050, ICD-9-D-41 051, ICD-9-D-41 052, ICD-9-D-41 080, ICD-9-D-41 081, ICD-9-D-41 082, ICD-9-D-41 090, ICD-9-D-41 091, ICD-9-D-41 092, ICD-9-D-41 181
  **ICD-10-D**: ICD-10-D-I2101, ICD-10-D-I2102, ICD-10-D-I2109, ICD-10-D-I2111, ICD-10-D-I2119, ICD-10-D-I2121, ICD-10-D-I2129, ICD-10-D-I213, ICD-10-D-I214, ICD-10-D-I220, ICD-10-D-I221, ICD-10-D-I222, ICD-10-D-I228, ICD-10-D-I229, ICD-10-D-I230, ICD-10-D-I231, ICD-10-D-I232, ICD-10-D-I233, ICD-10-D-I234, ICD-10-D-I235, ICD-10-D-I236                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Atrial fibrillation                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    **ICD-9-D:** ICD-9-D-42 731
  **ICD-10-D:** ICD-10-D-I480, ICD-10-D-I481, ICD-10-D-I482, ICD-10-D-I4891                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Smoking                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                **ICD-9-D:** ICD-9-D-3051
  **ICD-10-D:** ICD-10-D-Z720                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            
  COPD                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   **ICD-9-D:** ICD-9-D-49 120, ICD-9-D-49 121, ICD-9-D-49 122, ICD-9-D-49 320, ICD-9-D-49 321, ICD-9-D-49 322
  **ICD-10-D:** ICD-10-D-J440, ICD-10-D-J441, ICD-10-D-J449                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary index.
